Colchicine and colcemid have been used to induce metaphase stasis in the follicle bulb matrix of Romney sheep.
I. INTRODUCTION
Colchicine has been widely used to study cell division in a great variety of' animal tissues (Reynolds and Kaminester 1936; Rogers and Allen 1937; Schmidt and Hoffman 1941; Higbee 1942; Kerr 1943; Bullough 1948) , and in many cases differences are recorded in the quantity of alkaloid used, and the time allowed for the drug to effect maximum metaphase stasis (Allen 1937; Kerr 1943; Bullough 1949a Bullough . 1949b ).
It has been consistently noted that animal species vary in their tolerance to colchicine, the guinea pig having a low level of tolerance compared with the mouse and rat. For example, 0 ·1-0·2 mg/IOO g body weight, a dosage range suitable to the mouse and rat (Schmidt and Hoffman 1941; Kerr 1943; Bullough 1948 ), proved to be fatally toxic for the guinea pig within 3 hr, dosages of 0·06 mg/IOO g body weight were found to be fatal in 7-9 hr, and very small doses of 0·025 mg/IOO g body weight had to be employed (Schmidt and Hoffman 1941) .
As Bullough (1949b) has pointed out, in most studies on animal mitoses in which colchicine is used, it has been assumed that the drug arrests every mitosis reaching metaphase and that it neither increases nor decreasess the number of resting cells entering mitosis. However, he found in the mouse that after 5 hr cells were prevented from entering prophase and so was in disagreement with the 9!·hr stasis period employed by Allen (1937) . But he considered that a number of cells in metaphase did pass into anaphase and thus in a number of cases divisions are likely to be completed. With regard to the second assumption made by earlier workers, Bullough (1949b) proved that in mouse ear epidermis no discernible change from normal was detected in mitotic rate as a result of colchicine treatment.
Another assumption generally made by earlier workers and also by Bullough and Laurence (1958), for matrix tissue of mouse skin follicle bulbs, is that anyone tissue is homogeneous from the point of view of mitoses, that is, mitotic rates do not vary from one region of the tissue to another. Recent work on the tissue of wool follicles proves that this is not the case in mature Romney sheep (Fraser, unpublished data 1962) .
Recently Schinckel (1961) used widely different dose levels of colchicine (0·17, 0·33, 0·66, and 1·36 mg/kg body weight) in studies on medium-wool Merino sheep. The only sheep to survive was the animal which received 0 ·17 mg/kg body weight, but this dose level was insufficient to obtain maximum metaphase stasis. The dose level finally adopted was O· 20 mg/kg body weight.
In order to investigate mitoses within the wool follicle matrix in relation to follicle metabolism and periodic wool production, several factors had to be determined. Such factors are reported in this paper with results which determine not oniy dosage level of stasis agents and reaction time for metaphase stasis, but also the effect that these agents have on subsequent cell division in the wool follicle matrix. Two alkaloids, colchicine, and colcemid, which effect metaphase stasis during mitosis (Dustin 1934; Lits 1934; Allen and Creadick 1937; Allen, Smith, and Gardner 1937a, 1937b) have been used in these investigations.
II. MATERIAL AND METHODS
Different amounts of colchicine (0·12, 0,18, and 0·22 mg/kg body weight) and colcemid (0·22,0·30,0·35, and 0·65 mg/kg body weight) were dissolved in 10 ml of sterile distilled water immediately before use and injected into the left jugular vein.
The skin tissue to be examined was excised from mid-side sites of the sheep with a biopsy skin punch. The tissue was first prefixed in Carnoy's fluid (ethanolglacial acetic acid, 3 : I v/v) for 20 min, then transferred for final fixing to Sanfelice's fluid (16 ml 1 % chromic acid, 8 ml of 40% formaldehyde, 1 ml glacial acetic acid), in which the tissue was left until required for paraffin-embedding. All paraffinblocked skin tissue was serially sectioned at 6 ILl at right angles to the long axis of the wool follicles. The normal, colchicine, and colcemid mitotic figures were stained with Heidenhain's haematoxylin, and the tissue counterstained with Van Gieson stain.
Mounted tissue sections were projected in serial progression and the outline of bnib tissue of individual follicles, at all depths within the skin, were traced and the number and position of colchicine, colcemid, and control tissue mitoses recorded for 80-100 follicles from each skin sample. The area of mitotic tissue shown on each tracing was measured by planimeter.
Since mitosis occurs in the follicle bulb from its proximal limit to one cell layer above the apex of the papilla, the volume of this zone, termed mitotic tissue zone (Fraser, unpublished data 1962) , was calculated by adding together all corrected area measurements of the transverse sections within this zone, and multiplying by 6 p., the thiclmess of each section. The degree of mitosis ,,~thin bulbs is expressed as the mitotic ratio, which is the number of mitoses per 10' cubic microns of mitotic tissue zone.
III. RESULTS

(a) 111 itotic Stasis with Tilme
On the basis of Schmidt and Hoffman's (1941) dosage levels of colchicine for guinea pigs, 0·22 mg/kg body weight of colchicine and colcemid were administered to two mature Romney wethers and periodic skin samples were taken. In Figure 1 the results recorded over a period of 24 hr show a similar, and except for the 5-6-hr period, a linear build-up of colchicine and colcemid mitoses. Mter 6 hr (10 a.m.-4 p.m.) the number of divisions held at metaphase is at a maximum. For an wltreated control sheep, the mitotic ratio of normal mitotic figures is the same at the end as at the beginning of the 6-hr period. The decrease in mitotic figure build-up ( Fig. 1 ) 6 hr after alkaloid injection is considered by Bullough (1949b) to be the result of prophase inhibition. Though the decrease could be the result of some metaphase figures completing division, it is believed here that the principal effect is prophase inhibition, as very few colchicine and colcemid metaphase figures have been observed to complete division in more than 1000 follicles investigated.
By 24 hr (Fig. 1) and 48 hr (Plate 1, Figs. 1 and 2 ) after injection the response of matrix cells to colchicine and colcemid is very different. The matrix cells of the colchicine-treated sheep continue to exhibit a high mitotic ratio, and this is so even after 48 hr (Plate I, Fig. 1 ), whereas the matrix cells of colcemidtreated animals return to the normal mitotic ratio mthin.24 hr ( Fig. 1; Plate 1, Fig. 3 ). In the former case no normal cell divisions were observed (Plate 1, Fig.  1) , whereas in the latter, all mitotic figures were in normal prophase, metaphase, or anaphase, and no colcemid metaphase figures were observed at and after 24 hr (Plate 1, Figs. 2 and 3) .
(b) Dosage Levels and Mitotic Stasis
Different dosage levels of colchicine and colcemid were administered to Romney wethers to determine the concentration necessary for maximum meta· phase stasis. As drastic and often fatal toxic effects resulted, it was necessary to determine the alkaloid dose producing minimum toxicity and maximum metaphase stasis. Preliminary experiments on several Romney sheep indicated that O· 22 mg/kg body weight of colchicine was a maximum dose as the toxic effects were drastic. Of 12 sheep injected, 4 died within 5 days, 4 showed severe toxic effects, and 4 showed mildly toxic effects. The same dosage level of colcemid had had no toxic effects. Three dosage levels for both colchicine and colcemid (see Table 1 ) were administered to two Romney wethers at intervals of approximately 3 weeks and the mean mitotic ratio for each sheep was determined in 80 follicles at each dosage level 6 hr after injection of the alkaloids. The same animals were used for each successive dosage level because different sheep differ in the rate of cell division; consequently, their mitotic ratios vary. Results given in Table 1 show that 0·12 mg/kg body weight of colchicine fails to cause the same degree of metaphase stasis as 0·18 and 0·22 mg/kg body weight. No significant difference is shown between the mitotic ratios of the three dose levels of colcemid.
(c) Toxicity and Associated Effects due to Alkaloids
The fatalities due to alkaloid poisoning were associated with extreme haemorrhagic conditions in heart, lungs, and gastrointestinal tract, and small and large subserous haemorrhages. In addition there was acute congestion of the trachea mucosomembrane, lungs, kidneys, and subcutaneous vessels. The severe non-fatal effects resulted in general disability, diarrhoea, loss of appetite, increase in respiration rate, drop in body weight, and complete shedding of the fleece. The milder effects were generally associated with slight diarrhoea, loss of appetite, and a marked tenderness in the fibre but no loss in body weight.
Fibres were shed after a period of rapid thinning and measurement of 500 fibres from the shed fleece of a colchicine-treated sheep showed that the mean minimum diameter was 10·2 po when shedding occurred. Schinckel (1961) makes no mention of fleece-shedding in any of the breeds of sheep treated with 0·20 mg/kg body weight of colchicine injected intravenously.
Dosage levels of colchicine of 0·22 and 0 '18 mg/kg body weight, when not fatal, resulted in severe toxic effects and near-complete shedding of the fleece in 4--5 days. The fibres which are not shed are severely reduced in fibre diameter.
Failure of the mitotic ratio to return to normal after 48 hr (Plate 1, Fig. 1 ) is followed by a complete disruption of the foilicle matrix, all cellular identity being lost, and the nucleophilic material forms into radiating bands within the bulb (Plate 2, Fig. 1 ). This condition remains for approximately 14 days. New hair cones were found on the 18th day after colchicine treatment (Plate 2, Fig. 2 ) and new fibres were observed at the skin surface on the 21st day. The smallest dose of colchicine (0'12 mg/kg body weight) caused very slight toxic effects, with no observable fleece~shedding after 4 days, but as can be seen in Table 1 maximum cell stasis was not achieved.
Colcemid proved to be less toxic to Romney sheep than was colchicine.
The graded doses as shown in Table 1 evoked different responses in the test animals. Dosage levels of 0·22 and 0·35 mg/kg body weight did not result in toxic effects and, as can be seen in Table 1 , similar cell stasis was achieved with both doses. Cell division had returned to normal within 48 hr_ The highest dose level (0·65 mg/kg body weight), though having similar mitotic stasis effects as the smaller dose levels, proved to be fatally toxic within 24 hr of administration.
When a dose level of o· 35 mg/kg body weight of colcemid was given to 12 Romney sheep, two animals showed slight toxicity and one shed its fleece. When this level was reduced to 0·30 mg/kg body weight no toxic effects or shedding occurred in any of 16 sheep used.
The dose level of o· 30 mg/kg body weight of colcemid has since been used 10 times at successive 5-weekly intervals on a group of Romney wethers, without any signs of a cumulative toxic effect.
IV. DISCUSSION
Comparison of the results for colchicine and colcemid indicates that the latter compound is more suited for use in metaphase stasis of matrix cells in the wool follicles of Romney sheep, especially over periods of repeated treatment.
The dosage level of colchicine reqnired for maximnm metaphase stasis resulted in toxicity and fleece-shedding and although no drastic toxic effects were observed with smaller doses (0·12 mg/kg body weight), maximum stasis did not result. An intermediate dose, between 0 ·12 and 0 ·18 mg/kg body weight, say 0·15 mg/kg, ,vonId possibly be successful in bringing about maximum stasis ·with no toxicity. However, the animals' tolerance would be over a very small dosage range, and as the tolerance of individual sheep to colchicine has been found to differ considerably, consistent results within a group of sheep is unlikely. A similar conclusion has also been reached by Schinckel (1961) , when he observed that the dose margin between full metaphase arrest and death may be narrow. When colcemid was used, sheep showed tolerance to a wide range of dose levels, from as little as 0·22 mg/kg body weight to a dosage greater than 0·30 but less than 0·35 mg/kg body weight.
Maximum metaphase stasis occurs 6 hr after injection of the allmloid, in general agreement with Bullough's (1948 Bullough's ( , 1949a Bullough's ( , 1949b findings for mice and Schinckel's (1961) findings for sheep.
The large individual sheep variation to the effects of each of the alkaloids is interesting. As colchicine has been used as an adrenal stressing agent (Pasckis 1951; Selye 1956 ) it is possible that individual sheep response, to either of the drugs, may indicate the sensitivity of particular sheep within a breed to corticoid stimulus. In particular the shedding phenomenon, the degree of which varies markedly between sheep, is likely to be a direct result of high blood cortisol levels (Ferguson, Wallace, and Lindner 1960) due to the stressing effect of the alkaloid. 
